LIGHT EMISSION DISPLAY DRIVE METHOD AND DRIVE APPARATUS 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

This invention relates to a light emission display drive 

S° method and drive apparatus preferred for use for multiple-level 

w 

J.- gradation display of a flat panel of organic EL, light emitting 

if; diode, plasma, etc. 

Jh 2. Description of the Related Art 

p: To change the light emission amount of each dot in the 

W 

O above-mentioned light emission display, the amount of charges 

m 

P injected within the drive time period of the target element 

m 

may be changed and thus a method of changing the current value 
or a method of changing the on time with the current value fixed 
can be used. 

For convenience, the former is called analog method and 
the latter is called pulse modulation or time division method. 
In the analog method, high-accuracy linearity is required to 
change the drive current in response to the brightness value; 
particularly, with TFT, the linearity and stability of the gate 
voltage vs drain current characteristic are poor and it is 
difficult to provide good performance. 

On the other hand, in the pulse modulation method, a 
constant current needs only to be output and thus the drive 
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section is miniaturized and the temperature characteristic is 
also good. In the pulse modulation, a 2 n subframe method 
(weighting) is amethodof separately controlling turning on/of f 
eight subframes having drive times in the ratio of 1:2:4 :...128 
based on the input value, thereby representing 256 gradation 
levels. A method of executing A£ modulation in response to 
the input value for each pixel, controlling turning on/off based 

Q on the output, and controlling gradation based on the pulse 

gp density is also available. 

ffl However, in the pulse modulation, the former method has 

w 

ip the disadvantage that if the weight ratio goes wide of the target, 

a rapid brightness level difference occurs in the high-order 
bit carry. For a moving image, a strong pseudo contour 

j~J phenomenon still occurs in the high-order bit carry. 

On the other hand, the latter method has the disadvantage 
that unless the oversampling ratio, namely, the number of 
subframes is raised to some extent or more, the on period per 
pixel at the low brightness time becomes drastically lower than 
the frame frequency, causing flicker to appear, degrading the 
display image quality. 



SUMMARY OF THE INVENTION 
The invention has been made to solve the above problems 
with the related art, and therefore an object of the invention 
is to provide a light emission display drive method and drive 
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apparatus wherein a driver capable of performing output control 
of three or more levels in the output brightness value of each 
light emission element is provided and when the intermediate 
level of the three or more output brightness levels is 
represented, a AZ modulator controls the distribution of the 
occurrence probability of each level, whereby the number of 
i_ : gradation levels that can be represented is increased for 

improving representation pixels. 

To achieve the above object, according to a first aspect 

m 

Ixj of the invention, there is provided a light emission display 

H drive method for use with a control signal generation circuit 

R 

lM of a light emission display having a driver comprising a AZ 

o 

til modulator and being capable of performing control at three or 
fU more levels in an output brightness value of a light emission 

element, characterized in that an intermediate level of three 
or more output brightness levels of the light emission element 
is representedby controlling the distribution of the occurrence 
probability of each of the levels by the AZ modulator. 

According to a second aspect of the invention, there is 
provideda light emissiondisplay drive apparatus having a driver 
being capable of performing control at three or more levels 
in an output brightness value of a light emission element, the 
light emission display drive apparatus comprising a read section 
for reading the brightness value of the light emission element 
to be represented in a predetermined period and a AZ modulation 
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signal processing section for converting the numeric value read 
by the read section into distribution of the occurrence 
probability at each level of the output brightness value at 
the three or more levels. 

According to a third aspect of the invention, in the light 
emission display drive apparatus of the second aspect of the 
invention, the AX modulation signal processing section 
comprises one channel of at least first-order AX modulator 
containing a guant i zer having a determination level in the middle 
of three or more output brightness levels of the light emission 
element, guantizing the numeric value based on each 
determination level, and outputting output values 
corresponding to brightness values at the three or more levels, 
and a unit being responsive to output of the AX modulator for 
selecting the brightness values at the three or more levels 
of the driver. 

According to a fourth aspect of the invention, in the 
light emission display drive apparatus of the second aspect 
of the invention, the AX modulation signal processing section 
comprises a plurality of separate at least first-order AX 
modulators and a distributor for distributing the brightness 
values to be represented, read by the read section to inputs 
of the separate AX modulators. 

According to the described configuration, to begin with, 
gradation representation of three or more levels can be 



accomplished in the output brightness value of each light 
emission element and the AS modulator controls the distribution 
of the occurrence probability at each of the three or more levels, 
whereby halftone gradation representation of three to 16 levels 
is made possible and 256-level gradation required for 
representing a video signal can be easily represented. 

As compared with the case where multiple-level gradation 
representation is conducted using AE modulation as the control 
of the occurrence probability in output of pulse modulation, 
namely, two levels of on and off, the intermediate values that 
can be represented are furthermore subdivided, so that the number 
of gradation levels is increased dramatically and the 
oversampling ratio, namely, the display frame frequency can 
be set lower, so that multiple-level gradation representation 
is made possible even with a display drive device at low operation 
speed, such as TFT. 

Further, at the low gradation time, gradation is 
represented by turning on and off low output brightness values 
only. Thus, as compared with the case where gradation is 
represented by controlling output of two levels of on and off, 
the number of on times can be increased relatively and flicker 
is decreased as a result. 



BRIEF DESCRIPTION OF THE DRAWINGS 
BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings: 

FIG. 1 is a block diagram to show one embodiment of a 
light emission display drive apparatus in the invention; 

FIGS. 2A and 2B are block diagrams to show one embodiment 
of a AE modulation signal processing section in FIG. 1; 

FIGS . 3Aand 3B are drawings cited to describe the operation 
of the embodiment of the invention shown in FIGS. 2A and 2B, 
in which FIG. 3A is a drawing to show outputs of actual drive 
channel and FIG. 3B is a drawing to show drive output values 
in actual organic EL element provided by combining the outputs; 

FIG. 4 is a drawing cited to describe the operation of 
the embodiment of the invention shown in FIGS. 2A and 2B; it 
is a table to show a numeric value setting example for the AE 
modulation signal processing section; 

FIG. 5 is a drawing cited to describe a specific example 
of setting numeric values in accordance with the table shown 
in FIG. 4; 

FIGS . 6A and 6B are tables cited to describe the operation 
of the embodiment of the invention; the tables list numeric 
value examples of parts relative to actual weight amounts; 

FIGS. 7A and 7B are block diagrams to show another 
embodiment of the AZ modulation signal processing section in 
FIG. 1; 

FIGS . 8Aand 8B are drawings cited to describe the operation 
of the embodiment of the invention shown in FIGS. 7A and 7B, 



in which FIG. 8A is a drawing to show outputs of actual drive 
channel and FIG. 8B is a drawing to show drive output values 
in actual organic EL element provided by combining the outputs; 

FIG. 9 is a drawing cited to describe the operation of 
the embodiment of the invention shown in FIGS. 7A and 7B; it 
is a table to show a numeric value setting example for the AE 
modulation signal processing section; 

FIGS. 10A and 10B are drawings cited to describe the 
operation of the embodiment of the invention shown in FIGS. 
7A and 7B and are drawings to show specific numeric value setting 
examples for quantizers; 

FIGS. 11A and 11B are drawings cited to describe the 
operation of the embodiment of the invention shown in FIGS. 
7A and 7B and are drawings to show the distributor operation 
only in graph form; and 

FIGS. 12A and 12B are drawings cited to describe a drive 
method of a light emission display in binary mode. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Prior to the description of embodiments of the invention, 
an example of the driver capable of performing control of three 
or more levels in the output brightness value of each light 
emission element described above will be discussed using a method 
of providing four, eight, 16 levels of output brightness value 
by a two-bit to four-bit weight drive method by controlling 



turning on and off two to four weight current sources. It is 
assumed that as weight examples of two-bit to four-bit outputs, 

(1) for two bits, two drive sources at weight ratio al:l (where 
al>l) ; 

(2) for three bits, three drive sources at weight ratio a2 : al : 1 
(where a2>al+l, al>l) ; 

(3) for four bits, four drive sources at weight ratio a3 : a2 : al : 1 
(where a3>a2+al+l / a2>al+l, al>l) / and the like 

are provided, and they can be combined as desired for output. 

It is common practice to set the weight ratio to a3 : a2 : al : 1 
= 8:4:2:1, but the weight ratio is not limited to it and the 
fact that if any other ratio is used, the invention is not hindered 
will be discussed with the case where al : 1 = 4 : 1 as illustrated 
below. In the above-given examples, the number of drive output 
levels is four (for two bits), eight (for three bits) or 16 
(for four bits), but if the number of drive output levels is 
not four, eight, or 16, the effectiveness of the invention is 
not impaired. 

Specifically, in binary mode, two weight current sources 
as shown in FIG. 12A, a constant-current drive with one frame 
divided into two subframes as shown in FIG. 12B, or the like 
can be taken as an example. How such multi-value output is 
accomplished in a AZ modulation signal processing section 3 
is the subject matter of the invention. 

The configurations and operation of embodiments of the 



invention will be discussed in detail . FIG . 1 is a block diagram 
to show one embodiment of a light emission display drive 
apparatus in the invention. 

The light emission display drive circuit of the invention 
is made up of frame memory 1, a read section 2, a AZ modulation 
signal processing section 3, a drive section 4, and a light 
emission display 5. 

The read section 2 reads pixel data from the frame memory 
1 in synchronization with a subf rame pulse f SF (=nf F ) repeatedly 
output in a subf rame period provided by dividing a frame period 
by n and outputs the pixel data to the AZ modulation signal 
processing section 3. The drive section 4 turns on/off a drive 
current in response to output of the AZ modulation signal 
processing section 3 and supplies the drive current to the light 
emission display 5 for providing any desired multiple-level 
gradation display. 

The following two embodiments of the AZ modulation signal 
processing section 3 are possible : One is an embodiment wherein 
one channel of AZ modulator is provided, a special configuration 
of three-value threshold four-value output is provided as a 
quantizer, and the four output values are encoded by two bits 
for controlling binary output channel separately. The other 
is an embodiment wherein separate AZ modulators are provided 
in a one-to-one correspondence with weight outputs and a 
distributor is provided for distributing numeric values to 



represent gradation in input. 

FIGS. 2A and 2B are block diagrams to show one embodiment 
of the AX modulation signal processing section 3 in FIG. 1 (the 
former embodiment described above); FIG. 2A shows the 
configuration of the AX modulation signal processing section 
3 using a first-order AX modulator and FIG. 2B shows the 
configuration of the AX modulation signal processing section 

H= 

C- 3 using a second-order AX modulator. 

O 

Hp Each of the first-order and second-order AX modulators 

9 

EH consisting of an integration section consisting of an adder 

^ 31 and delay circuits 32 and a quantizer 33, as well known. 

The AX modulation signal processing section 3 compares the 
y output of the integration section with three threshold values 

5f= by the quantizer 33 to produce four-value output and converts 

the output into a binary value "L" or "S" through an encoder 

34 for output. 

Weights are assigned to the binary outputs "L" and "S" 

and here the weight ratio L:S = al : 1 . 

FIGS . 3Aand 3B are drawings cited to describe the operation 

of one embodiment of the invention shown in FIGS. 2A and 2B; 

FIG. 3A shows outputs of actual drive channel (weight 1 output 

and weight al output) and FIG. 3B shows drive output values 

in actual organic EL element provided by combining the outputs. 

Specifically, when weight 1 output and weight al output 

are both OFF, 0 is provided; when weight 1 output is ON and 
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weight al output is OFF, 1 is provided; when weight 1 output 
is OFF and weight al output is ON, al is provided; when weight 
1 output and weight al output are both ON, 1+al is provided. 
The output values of the quantizer 33 are set corresponding 
to the combined values. 

FIG. 4 shows a numeric value setting example of the AZ 
fag: modulation signal processing section 3 . That is, assuming that 

b 

p the weight ratio of two outputs is 1 : al (where al>l) , if the 

P input range is xl to x2 (eight-bit 256 gradation levels) , the 

W ; input to the AZ modulation signal processing section 3 is a 

9 numeric value in steps of 1 . 0 in the range of "-127 . 5 to +127 . 5 . " 

P 

W*"- Here, the center is 0.0 and the width is 255. Usually, an input 

y 

jj signal is 0 to 255 and thus it is suggested that the numeric 

IU value is offset -127.5 for use. 

Here, assuming that the four output values of the quantizer 
33 are yl, y2, y3, andy4, [yl, y4] = [xl-a, x2+a] as peak-to-peak 
value where a is set to a sufficiently small value and setting 
is made a little wider than the input value. As intermediate 
values, y2 and y3 are set so that (y4-yl) : (y3-yl) : (y2-yl) = 
(al+1) :al:l. 

Next, assuming that three levels of threshold value of 
the quantizer 33 are zl, z2, andz3, zl= (yl + y2) /2, z2= (y2 + y3) /2, 
and z3 = (y3+y4)/2, each being the middle point of each level 
difference 

FIG. 5 shows a specific example of numeric value setting. 
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The numeric values are set in accordance with the table shown 
in FIG. 4 for the input value range, the quantizer 33 output 
value range, and the quantizer 33 determination level in the 
arithmetic processing channel of the A£ modulation signal 
processing section 3. 

Specifically, when the input value is yl<x<y2, the weight 
1 output travels between OFF and ON with the weight al output 
remaining OFF. Here, as x rises, the weight 1 output increases 
in the frequency of ON. Wheny2<x<y3, the combination of [weight 
1 output, weight al output] travels between [ON, OFF] and [OFF, 
ON]. Here, as x rises, the frequency of [1:0FF, al:ON] 
increases . 

Further, when the input value is y3<x<y4, the weight 1 
output travels between OFF and ON with the weight al output 
remaining ON. Here, as x rises, the weight 1 output increases 
in the frequency of ON. 

The above-described operation is performed, whereby the 
output y is an approximate value to the input x in terms of 
time average as a result. So long as al>l, whenever x rises, 
y also rises and thus if the input eight-bit numeric value comes 
near to carry, discontinuity does not occur. 

Specific numeric value examples of parts relative actual 
weight amounts are listed in tables of FIGS. 6A and 6B . The 
table shown in FIG. 6A shows an example wherein weight output 
al is set to 2 and the table shown in FIG. 6 B shows an example 
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wherein weight output al is set to 4. 

In the table in FIG. 6A, assuming that bl:b2:b3 shown 
in FIG. 5 is set to 1:1:1, if the peak-to-peak value is, for 
example, [yl, y4] = [-130.5, +130.5] with respect to outputs 
yl, y2, y3, and y4, others are divided by 3, resulting in [y2, 
y3] = [-43.5, +43.5] . In conclusion, [yl, y2, y3, y4 ] = [-130.5, 
-43 . 5, +43 . 5, +130 . 5] . At this time, quantizer S determination 
level [zl, z2, z3] = -87.0, 0.0, +87.0. 

In the table in FIG. 6B, assuming that bl:b2:b3 shown 
in FIG. 5 is set to 1:3:1, if the peak-to-peak value is, for 
example, [yl, y4] = [-132.5, +132.5] with respect to outputs 
yl, y2, y3, and y4, others are multiplied by 3/5, resulting 
in [y2, y3] = [-79.5, +79.5]. In conclusion, [yl, y2, y3, y4 ] 
= [-132.5, -79.5, +79.5, +132.5]. At this time, quantizer S 
determination level [zl, z2, z3] = -106.0, 0.0, +106.0. 

FIGS. 7A and 7B are block diagrams to show another 
embodiment of the AS modulation signal processing section 3 
in FIG. 1 (the latter embodiment described above) ; FIG. 7A shows 
the configuration of the AEmodulation signal processing section 
3 using first-order AS modulators and FIG. 7B shows the 
configuration of the AS modulation signal processing section 
3 using second-order AS modulators. 

Separate AS modulators 10 and 20 are provided for weight 
outputs Outputl and Output2 respectively and a distributor 35 
is added for distributing the numeric values to represent 
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gradation in input for supplying Inputl and Input2 to the AZ 
modulators 10 and 20 respectively. 

FIGS . 8Aand 8B are drawings cited to describe the operation 
of the embodiment of the invention shown in FIGS. 7A and 7B; 
FIG. 8A shows outputs of actual drive channel (weight 1 output 
and weight al output) and FIG. 8B shows drive output values 
in actual organic EL element provided by combining the outputs . 

H' 

% Specifically, when weight 1 output and weight al output 

% are both OFF, 0 is provided; when weight 1 output is ON and 

if; 

weight al output is OFF, 1 is provided; when weight 1 output 

j7 is OFF and weight al output is ON, al is provided; when weight 

D 

hj 1 output and weight al output are both ON, 1 + al is provided. 

O 

fjr The output values of the quantizers 33 are set so that the ratio 

P 

f|t becomes l:al. 

FIG. 9 shows a numeric value setting example of the AS 
modulation signal processing section 3 . That is, assuming that 
the weight ratio of two outputs is 1 : al (where al>l), if the 
input range is xl to x2 (eight-bit 256 gradation level), the 
input to the A£ modulation signal processing section 3 is a 
numeric value in steps of 1 . 0 in the range of "-127 . 5 to +127 .5." 
Here, the center is 0.0 and the width is 255. 

As the reference values to set two values of weight 1 
quantizer 33 output, pi and p2, and two values of weight al 
quantizer 33 output, ql and q2, described later, according to 
the table shown in FIG. 4, assuming that the four output values 
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of the quantizer 33 are yl, y2, y3, and y4, [yl, y4] = [xl-a, 
x2+a] as peak-to-peak value, and as intermediate values, y2 
and y3 are set so that (y4-yl) : (y3-yl) : (y2-yl) = (al+1) :al:l. 

FIGS . 10A and 10B show examples of setting numeric values 
of the quantizers 33 according to the table shown in FIG. 9. 
The two values of weight 1 quantizer 33 output, pi and p2, are 
as follows: pi = -(y2-yl)/2, p2 = +(y2-yl)/2, and threshold 
level pzl = 0.0. The threshold level pzl is the center value 
of pi and p2 . The two values of weight al quantizer 33 output, 
ql and q2, are as follows: ql = -(y3-yl)/2, q2 = +(y3-yl)/2, 
and threshold level qzl = 0.0. The threshold level qzl is the 



p 

center value of ql and q2 . 

Q 

rf? : The operation of the distributor 35 is shown in FIGS. 

fj 11A and 11B in graph form. FIGS. 11A and 11B are graphs to 

show the relationshipbetween input andoutput of the distributor 
35. In FIG . 11A, input to the AZmodulator 10 { Input 1) isplotted 
on the vertical axis and outputs yl to y4 are plotted on the 
horizontal axis; In FIG. 11B, input to the AZ modulator 20 
(Input2) is plotted on the vertical axis and outputs yl to y4 
are plotted on the horizontal axis. Here, Input = Inputl + 
Input2 . 

As described above, in the invention, to overcome the 
disadvantage of pulse modulation using the AS modulators, the 
driver capable of performing multi-level control of three or 
more levels is provided and the control is performed by AZ 
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modulation, whereby the intermediate level between the levels 
is replaced with distribution of the occurrence probability 
of the levels on both sides of the intermediate level. The 
control of distribution of the occurrence probability is the 
AZ modulation action itself and thus can be easily realized. 

The control is thus performed, whereby as compared with 
the case where multiple-level gradation representation is 
conducted using AS modulation as the control of the occurrence 
probability in output of pulse modulation, namely, two levels 
of on and off, the intermediate values that can be represented 
are furthermore subdivided, so that the number of gradation 
levels is increased dramatically and the oversampling ratio, 
namely, the display frame frequency can be set lower, so that 
multiple-level gradation representation is made possible even 
with a display drive device at low operation speed, such as 
TFT. 

In low gradation, etc., gradation is represented by 
turning on and off low output brightness values only. Thus, 
as compared with the case where gradation is represented by 
controlling output of two levels of on and off, the number of 
on times can be increased relatively, so that flicker can be 
decreased as a result. 

As compared with the weight subf rame method in the related 
art, eight weight outputs are required to produce 256-level 
gradation display in the related art, but even two weight outputs 
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make it possible to provide sufficient effect the configuration 
can be simplified. Basically, gradation is represented by A2 
modulation processing and thus excellent gradation linearity 
is provided . I f variations in weight amount occur and the actual 
weight ratio goes wide of the target, the weight ratio itself 
maybe far smaller (as compared with 1 : 12 8 ) , so that the adverse 
effect is small and concatenation becomes only a diode function 
and no discontinuity occurs, so that no problem arises. 

Further, according to the invention, any desired weight 
ratio can be set and if the weight ratio deviates from the planned 
ratio in the drive section, the numeric value of the quantizer 
in the A£ modulator may be changed. This means that the later 
correction can be made by changing the algorithm. To set a 
numeric value of the quantizer, a different value is 
intentionally set with respect to the real weight ratio in the 
drive section, whereby the relationship between the input value 
and the output brightness can also be deviated from a linear 
relationship and so-calledy correction characteristic can also 
be provided. 

As described above, in the invention, the driver capable 
of performing multi-level control of three or more levels is 
provided for driving light emission elements and the control 
is performed by AZ modulation, whereby the intermediate level 
between the levels is replaced with distribution of the 
occurrence probability of the levels on both sides of the 
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intermediate level, thereby representing gradation, so that 
it is made possible to improve the display image quality. 

That is, the intermediate values that can be represented 
are furthermore subdivided, so that the number of gradation 
levels is increased dramatically and the oversampling ratio, 
namely, the display frame frequency can be set lower, so that 
multiple-level gradation representation is made possible even 
with a display drive device at low operation speed, such as 
TFT. 

At the low gradation time, gradation is represented by 
turning on and off low output brightness values only. Thus, 
as compared with the case where gradation is represented by 
controlling output of two levels of on and off, the number of 
on times can be increased relatively and it is made possible 
to decrease flicker as a result. 
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